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REAGENTS AND SYNTHETIC METHODS 30. PRACTICAL AND IMPROVED 
METHOD FOR FORMYLATING AMINO COMPOUNDS BY MEANS OF FORMIC 
ACID-DIMETHYLFORMAMIDE SYSTEM. 

Jesus Mari Aizpurua and Claudio Palomo* 
Kimika Organikako Depar tamendua , Kimika Fakultatea 
Euskal Herriko Uniber tsi tatea , Altza, Donostia, Spain. 

ABSTRACT: Several amino compounds were formylated in high 
yields by means of formic acid-dimethylf ormamide , specially 
D,L-amino acids. The influence of this solvent was also 
briefly discussed. 



Many methods have been developed for the formyla_ 

12 3 4 
ting of amino compounds ' ' . Formamide alone serves to 

formylate some aniline derivates; esters of formic acid 5,6 

gave good results in the formylation procedures, but sea_ 

led tubes or autoclaves are often required 7 . On the other 

hand, tr ichloroacetaldehyde 8 " 10 reacts with some amines 

to furnish the formamido compounds, but also gives addi_ 

tion products. Acetic formic anhydride 11 16 is a useful 

formylating agent, although sometimes acetylation occurs 

as it does formylation. Formic acid formylates varied ami 
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ne compounds; however, the formyl derivate is obtained 
upon reflux with a large excess of formic acid and for 
this, removal of water by azeotropic distillation is ne_ 

cessary. N-f ormyla tion of amines has also been achieved by 

17 

using formic acid in the presence of car bodiimides , such 

1 8 

as dicyclohexylcarbodiimide , but this method leads to 

difficulties in the separation of reaction products from 

1 9 

undesired dicyclohexylurea . Dimethyl formamide has been 

used for f ormyla ting several amines, but prolonged periods 

(15-144 h) of heating were required. Finally, N , N-di f ormyl 

acetamide ^ can also be used for N-f ormyla tion in cjood 

yields, even if the reagent is only obtained in poor yield 

(17%) . Other methods can be used under mild reaction con_ 
20 

ditions , however the reagents are expensive and/or not 
readly avilables. 

In order to overcome these drawbacks, we have found 
a simplified general way to convert amino compounds into 
the corresponding formyl derivates in excellent yields 
by simply refluxing in dimethyl formamide a solution of 
the amine and formic acid in nearly equivalent amounts. 
In many cases, pure products are obtained by the work-up 
of the reaction mixture, without further purification. 



DMP / HCOOH fj 

R-NH- R-NH-C-H 

-H ? 0 



The method is particularly interesting for a 
high-yield preparation of N-f ormylamino acids (Table 1) 
which are important starting materials for peptide^"** and 
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Furthermore, when the reaction is carried out 

with o-phenylendiamine the cyclization happens within a 

brief time and the benzimidazole ring is obtained with 

22 

a similar yield to the conventional method 




The importance of the dime thyl f ormamide as a sol_ 
vent can be noted in Table 2; in this order we have found 
that formylation of aminoacetic acid under different con_ 
ditions is very much less effective than the method here 
described, wich is more suitable for a large preparative 
scale. The scope of the method is limited by the low nu_ 
cleophilici ty of some weackly basic amines such as 4-ni_ 
troaniline. Neither the phthalimide affords the corres_ 
ponding formyl derivate. 

The method described here is quite simple and the 
reagents used are readily available and inexpensive. 



EXPERIMENTAL 

Formylation of amino compounds with formic acid in 
N,N-dime thyl f ormamide . General procedure . 

A mixture of formic acid (1,92 ml, 51 mmol) f N,N- 
-dimethylf ormamide (15 ml) and the corresponding amino com__ 
pound (30 mmol) was heated to reflux with good stirring until 
the amino compound can not longer be detected (10-120 min) by 
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TABLE 1 

Formilation of amino compounds with formic acid in N,N- 
-dimethyl f ormamide as solvent. 



Entry Compound 



t 

(min) 



Yield 



m.p. °C 

( solvent) 



C 6 H 5 ~CH 2 -NH 2 



NH- 




20 



120 



61 



73 



60-61 
(H 2 0) 



136^ 

(cci 4 ) 



HOOC-CH 2 -NH 2 



HOOC-CH-NH, 



CH(CHJ 



3' 2 



HOOC-CH-NH. 



CH 2 -0 
HOOC-CH-NH. 



CH-CH-SCH, 
I 2 2 3 



HOOC-CH-NH. 



CH-,CHCH_CH 



l 



2"" 3 



HOOC-CH-NH 



20 



35 



20 



10 



15 



15 



97 



91 



86 



81 



94 



80 



150-152 
(C 6 H 5 CH 3 ) 



146-147 
(C 6 H 5 CH 3 ) 



136-140 
(C 6 H 5 CH 3 ) 



168-169 
(C g H 5 CH 3 ) 



89-91 
(C g H 5 CH 3 ) 



116 
(C 6 H 5 CH 3 ) 
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Appendix of Table 1- 



Entry 



ta H-N.M.R. 
6 ppm(DMSO 



4.27 (d,lH,CH 2 ) , 5.6-6.5 (s b ,lH f NH) , 
7 .06 (s, 5H,arom. ) , 7 . 91 (s, lH f COOH) . 
7.5 2(m,7H f arom.) , 8 . 37 ( s , 1H , NH) , 
8 . 54 (s, lH,COH) • 

3 .7 2 (d , 2H,CH 2 ) , 7 .7 5 (d, 1H,NH) , 
7 .81 (s,lH,COH) , 9.50(s,lH,COOH) . 
1.32 (d r 3H,CH 3 ) ,4.25(m,lH,CH) , 7.42 (s,lH, 
COH) , 7 . 91 (d , 1H,NH) , 9.97 (s,lH,COOH) . 
1.20(d r 6H r CH 3 ) , 2.44 (sep,lH,OT-CH 3 ) , 4.51 
(m # lH,CT-C0OH) , 8 . 18 (d , 1H,NH) , 8.22{s,lH, 
COH), 9.79<s,lH,COOH) . 

2.41(m r 2H,CH 2 ) , 4 . 10 (m, lH r CH) r 6.92(s,5H, 
arom.), 7 . 39 (s, 1H, OOH) , 7 .83 (d , 1H , NH) , 
8.3-9.1<s b ,lH,COOH) . 

l.BKt^H^-CH), 1.94(s,3H,CH 3 ) , 2.30(t, 
2H / CH 2 -S) / 4.15(m,lH,CH) , 7 .67 (s, 1H,C0H) , 
7 .84 (S,1H,NH) , 8 .26 (s,lH,COOH) . 
0.83 (m f 6H,CH 3 ) , 1 . 52 (m, 2H„CH 2 ) , 2.53(m,lH, 
CH-CH 3 ) / 3.91<m,lH,OT-COCH) , 7 .47 (s,lH,OOH) , 
7 .60(d,lH,NH) , 8.52 (s b ,lH, COOH) . 



BNSDOCID: <XP 943114A_I_> 



750 AIZPURUA AND PAL0M0 

TABLE 2 



Formylation of aminoacetic acid (glycine) with formic acid 
under different conditions. 



Solvent 


Co sol vent 


HCOOH 


Dehyd ra ting 


T 


time 


Yield 








agen t 








(ml) 


a 

(ml) 


(equiv) 


. a 

(g) 


(°C) 




(%) 


HCOOH 




J <J 




1 nn 

j. \j \j 




D J 


(15) 












HCOOH 




excess 




i nn 


•ill 


7 1 
/ J. 


(15) 












Toluene 




2.0 




110 


4h 


67 


(10) 














Toluene 


DMF 


3.5 




110 


2hl5m 


60 


(10) 


(5) 




c 








Toluene 


DMF 


4 .4 




110 


Ih 


69 


(15) 


(5) 












Toluene 


DMF 


5.3 


Si0 9 


110 


2h 


77 


(15) 


(5) 




(1)^ 








Toluene 


DMF 


1-7 


SiO. 


110 


lh20m 


60 


(15) 


(1.5) 




d.sr 








DMF 




4.4 




153 


lh45m 


95 


(15) 














DMF 




1-7 




153 


2 0m 


97 


(15) 














DMF 




1.7 




100 


3h30m 


25 


(15) 














AcOMe 




1.7 




57 


8h 


3 


(15) 














Dioxane 




1.7 




101 


7h 


32 


(15) 














a. Volume 


or weights 


ref ered 


to 30 mmol of 


glycine. 





b. Equivalents of formic acid per mol of glycine. 



c. Dean-Stark system was used for water separation . 



T.L.C. analysis on silicagel plates using ethyl acetate as 
eluent (formylation of amino acids was monitored by dissolu 
tion of the starting material in the reaction mixture) . 
Evaporation of the solvent and recrystallisation from tolue 
ne (10 ml) give the expected N-f ormylamino compounds , wich 
were characterized by their I.R. and X H N . M . R . spectra. 
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